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In the Atlantic coastal region, Ameri- American shad deposit semidemersal 
can shad (Alosa sapidissima) is highly eggs in the freshwater portions of the 
prized for its flesh and roe. Spawning estuaries in the spring, usually begin­
runs have been heavily fished and ning in March and ending by early 
since the late 1800s, landings have June with peaks in April (Klauda et 
shown steady declines to the extent al., 1991). American shad have histori­
that Maryland declared a fishing cally ascended farther upriver than 
moratorium in 1980, and Virginia fol- at present, within tributaries where 
lowed in 1994 for Chesapeake Bay and obstructions to movements upstream 
its tributaries (ASMFC, 1999). Shad now exist. Prior to dam building in the 
restoration projects are underway to 1800s on the James River, large num­
restock depleted spawning runs, espe- bers of American shad traveled over 
cially in regions where stream impedi- 335 miles from Chesapeake Bay into 
ments have been or are being removed. the Jackson and Cowpasture rivers 
Coastal ocean intercept gill-net fisher- (Mansueti and Kolb, 1953). 
ies have remained in place despite The York River, a coastal plain trib­
criticism and speculation about their utary located in the Chesapeake Bay 
impact on populations, particularly watershed, is formed by the conflu­
those river systems stocks that are ence of the Pamunkey and Mattaponi 
depleted. The Atlantic States Marine Rivers at West Point (Fig. 1). The 
Fisheries Commission Shad Board Pamunkey River has a larger water­
(ASMFC, 1999) adopted a fishery man- shed (3768 km2) and average spring 
agement plan for American shad and discharge rate (47.5 m3/s) than the 
river herring that included a five-year Mattaponi River (2274 km2; 27.2 m3/s, 
phase-out of the ocean fishery and that respectively). Watershed sizes are 
required states to develop an approved based on U.S, Geological Survey digital 
fishing or recovery plan for each stock line graph data (DLG) at 1:100,000. 
under restoration. In Virginia, this On these unobstructed rivers, annual 
requirement applies to the James and releases of hatchery-reared American 
York rivers. shad approximate two to four million 
Although the roe fishery for Ameri- fry through efforts of the Virginia Game 
can shad has historically been impor- and Inland Fisheries (VGIF) and an es­
tant, there is little information about timated 2.5 to 3 million fry are released 
the specific spawning locations of by the Pamunkey tribal government. In 
these broadcast spawners. American addition there are unknown contribu­
shad are anadromous fish native to the tions from the Mattaponi tribal govern-
Atlantic coast of North America, with ment (Gunther1). Current monitoring 
a range extending from southeastern of adult catches indicates that the York 
Labrador to the St. Johns River, Flor- River supports the strongest runs of 
ida. In Chesapeake Bay tributaries, shad in Virginia (Olney and Hoenig2). 
American shad in the York River are 
used as the source stock for hatchery ef­
forts in the James and Potomac rivers. 
Thus, the restoration efforts in Virginia 
are dependent on the productivity of 
the York River. 
Within the freshwater tidal portions 
of the Mattaponi and Pamunkey riv­
ers, numerous other species spawn, 
including striped bass (Morone saxati­
lis) (McGovern and Olney, 1988; Grant 
and Olney, 1991). The Chesapeake 
Bay stock has rebounded after severe 
declines in the 1970s and early 1980s 
as a result of successful management 
and several years of successful re­
production (Olney et al., 1991; Field, 
1997). The extent of the spawning area 
for both American shad and striped 
bass is in part a function of salinity 
and temperature. Striped bass spawn 
from the limit of brackish water to 
freshwater in the rivers of Chesa­
peake Bay from early April through 
the end of May (Setzler-Hamilton et 
al., 1981), and American shad spawn 
in freshwater (Leim, 1924). McGov­
ern and Olney (1996) noted that the 
lower limit of striped bass spawning 
followed the 1 ppt salinity contour, and 
Secor and Houde (1995) postulated 
that the freshwater-saltwater inter­
face may act as a down-river barrier to 
striped bass egg and larval advection. 
Based on suitable temperature ranges 
(12–24°C for striped bass [Setzler-
Hamilton et al., 1980; Rutherford and 
Houde, 1995] and 12–25°C for Ameri­
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Figure 1 
Extent of ichthyoplankton sampling by bongo net and pushnet in the Mattaponi and Pamunkey rivers (1997–99). Stations are 
denoted as the number of kilometers from the mouth of the York River. 
can shad [Leach and Houde, 1999; Walburg and Nichols3] 
and salinity requirements for the early life stages of these 
species, the potential for spawning overlap spatially and 
temporally is high. Species interactions, including preda­
tion and competition by both adults and young, may play a 
role in the spawning and recruitment success of these spe­
cies. Similar interactions have been postulated between 
American shad and other alosines in the Hudson River 
(Schmidt et al., 1988). 
Our objectives were to describe the American shad 
spawning reaches in the Mattaponi and Pamunkey Rivers 
spatiotemporally, and to determine if striped bass also 
spawn within the identified spawning habitat of American 
shad. In year one, we completed an exploratory survey 
to map the distribution of the American shad spawning 
ground and the occurrence of striped bass within these 
reaches. In years two and three, sampling was modified to 
locate the upper limit of American shad and striped bass 
spawning within the two rivers. 
3 Walburg, C. H., and P R. Nichols. 1967. Biology and man­
agement of the American shad and the status of the fisheries, 
Atlantic coast of the United States, 1960. U.S. Fish and Wild­
life Service, Special Scientific Report–Fish 550, 105 p. Fish 
and Wildlife Service, U.S. Dep. of Interior, Washington, DC 
20005. 
Materials and methods 
Sampling protocol in 1997 
Exploratory sampling in the Mattaponi and Pamunkey 
rivers for eggs and larvae of American shad and striped 
bass extended from March through April 1997. Sites were 
chosen on the basis of a prior survey of American shad 
eggs in the rivers (Massmann, 1952). Sampling protocol 
included weekly ichthyoplankton collections during day­
light hours with stepped oblique tows of a bongo frame 
fitted with two 333-µm mesh nets (60-cm diameter). 
Catches from both nets were combined. The same ten 
stations were sampled weekly on each river within the 
tidal freshwater reaches. Stations are depicted as river 
kilometers (rkm) from the mouth of the York River, for 
example, M68 is a station on the Mattaponi River that is 
approximately 68 river kilometers from the mouth of the 
York River. The stations were located at approximately 
3.2-rkm intervals within the range of 72 to 106 rkm (P72 
to P106) on the Pamunkey River and 68 to 102 rkm (M68 
to M102) on the Mattaponi River (Fig. 1). 
Sampling protocol in 1998 and 1999 
In 1998 and 1999, station locations were extended upriver 
to include more shallow stations owing to the low abun-
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dance of American shad eggs in 1997. Bongo nets could 
not be used, and sampling included pushnet surveys in 
the upper reaches of the rivers (from 31 March through 
20 May 1998 and from 11 April through 7 May 1999). The 
weekly sampling on each river consisted of pushnet tows 
at approximately one meter below the surface at each sta­
tion. A pushnet frame fitted to the bow of a 14-foot boat 
(Olney and Boehlert, 1988) accommodated two plankton 
nets (333 µm, 60 cm). Catches from both nets were com­
bined. In 1998, eight stations per river were systemati­
cally sampled bracketing M94 to M120 and P109 to P131. 
In 1999, two stations at M124 and M128 were added on 
the Mattaponi River; we added six upriver stations 
(P135–P154) and one downriver station (P104) on the 
Pamunkey River (each spaced at 3.2-rkm intervals, Fig. 
1). Bongo and push nets were fitted with a flow meter for 
volumetric measurements and tow times were adjusted 
(three to seven minutes) to meet a lower limit of 50 m3 of 
water filtered through both nets combined. 
Laboratory procedures and data analysis 
Ichthyoplankton samples were preserved in 10% phos­
phate-buffered formalin. Ichthyoplankton were sorted 
and larval fish and eggs were identified (Lippson and 
Moran, 1974; Jones et al.4), enumerated, and removed 
from the original, whole sample. Densities were reported 
as number per 100 m3. Relative abundance in both rivers 
was calculated by average density of each life stage (egg, 
yolksac larva, and postyolksac) multiplied by total volume 
of spawning or nursery area sampled. Total volume of 
spawning or nursery area sampled was determined sepa­
rately for each species by including locations within the 
sampling region where eggs (spawning reaches) or larvae 
(nursery reaches) were collected. River volumes were 
calculated by using bathymetric surveys and correspond­
ing areal estimates from a digitized record of the mean 
high-water shoreline position as shown on the 7.5 minute 
topographic map series of the U.S. Geological Survey 
completed by Comprehensive Coastal Inventory, Virginia 
Institute of Marine Science (Bilkovic, 2000). For purposes 
of comparison, we used data on the abundance of Ameri­
can shad and striped bass juveniles in the Pamunkey 
and Mattaponi rivers. The data were taken from annual 
surveys of juvenile abundance conducted by the Virginia 
Institute of Marine Science (Austin et al., 2000; Olney and 
Hoenig2). 
Results 
Trends in density (numbers/100 m3) of eggs for each river 
and species by date and station are depicted for 1997–99 
4 Jones, P. W., F. D. Martin, and J. D. Hardy Jr. 1978. Devel­
opment of fishes of the mid-Atlantic Bight. An atlas of egg, 
larval, and juvenile stages. Vol. 1, Acipenseridae through 
Ictaluridae. U.S. Fish and Wildlife Service report FSW/OBS­
78/12. Fish and Wildlife Service, U.S. Dep. Commer., Washing­
ton DC 20005. 
in Figures 2 and 3. Average density (total eggs or larvae 
per total volume filtered) of each species per river is 
depicted in Figure 4. On the Mattaponi River (1997–99), 
American shad eggs were collected over a 44-km reach 
(M81–M124) and the highest densities occurred between 
M96 and M124. Striped bass spawning occurred over a 27­
km reach and the highest densities in the sampled area 
occurred between M68 and M87, downstream of the pri­
mary spawning reaches of American shad (Figs. 2–4). On 
the Pamunkey River, American shad eggs were collected 
over a 53-km reach (P98–P150), and the highest densities 
were found between P104 and P131. Striped bass spawn­
ing occurred over a 60-km reach (P72–P131), and the 
highest densities were found between P72 and P87. There 
was some spatial overlap in spawning of these species, but 
the primary spawning reaches were separate. Temporal 
overlap in spawning of American shad and striped bass 
occurred throughout the sampled period in both rivers 
(Figs. 2–3). 
On the Mattaponi River, American shad larvae (total 
length, 6.1–19.2 mm) were collected from M68 to M124, 
and the highest densities were observed between M94 
and M102—a reach that is downstream of the spawning 
habitat. On the Pamunkey River, American shad larvae 
(total length, 6.6–12.2 mm) were collected between P76 
and P128. Densities were highest at P102, 105, and 124. 
Larval striped bass were collected from M68 to M94 and 
from P72 to P109, and peak catches (>1/m3) were collected 
from M68 to M80 and from P72 to P91. In both rivers, 
we observed overlap in American shad nursery grounds 
and striped bass spawning reaches. However, the highest 
densities of larval striped bass were downstream of the 
primary shad spawning and nursery areas (Fig. 4). 
Average density of individual life stages of American 
shad was higher in the Mattaponi River than in the 
Pamunkey River; the opposite pattern was apparent for 
striped bass (Table 1). Estimates of the relative numbers 
of American shad and striped bass (average density × river 
volume) suggested that abundance of American shad eggs 
and larvae was higher on the Mattaponi River than on the 
Pamunkey River by a factor of 5.5 and 4.4, respectively. 
Relative abundance of striped bass eggs and larvae was 
higher on the Pamunkey River than on the Mattaponi 
River by a factor of 29 and 9.9, respectively (Table 2). 
Discussion 
Over the three years of surveys, eggs and larvae of 
American shad were rare compared to those of striped 
bass (Table 1). Despite our successive efforts to relocate 
sampling stations upstream of known striped bass spawn­
ing habitat (Grant and Olney, 1991; Olney et al., 1991), 
striped bass eggs and larvae were more abundant (~114 
times and ~38 times, respectively) than those of American 
shad (Table 2). These differences could be attributed to the 
relative sizes and egg production of the spawning stocks 
because the number of mature American shad presently 
in the York River system is believed to be low in relation 
to historic run sizes (Nichols and Massmann, 1963; Olney 
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Figure 2 
American shad egg density and distributions for 1997–99 bongo and pushnet collections. Stations 
are denoted as their distance (in kilometers) from the mouth of the York River. 
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and Hoenig2). In contrast, striped bass stocks are at record in abundance of eggs and larvae of these species that are 
levels of abundance (Field, 1997) and support a large rec- concordant with indices of juvenile production. In our 
reational and commercial fishery in the York River. surveys, eggs and larvae of American shad were more 
Despite the proximity and resemblance of the Pamun- abundant on the Mattaponi River and striped bass eggs 
key and Mattaponi Rivers, patterns of spawning and and larvae were more abundant on the Pamunkey River 
recruitment of American shad and striped bass are op- (Tables 1 and 2). Similarly, mean recruitment (the mean 
posite for each tributary. We observed annual differences index of juvenile abundance or JAI) of American shad 
636 Fishery Bulletin 100(3) 
Stations (km) 
Figure 3 
Striped bass egg density and distributions for 1997–99 bongo and pushnet collections. Stations 
are denoted as their distance (in kilometers) from the mouth of the York River. In 1998, no 
striped bass eggs were collected on the Mattaponi River. 
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was higher on the Mattaponi River (1997–99; Mattaponi eggs or larvae that are homogeneously distributed on each 
JAI, 1648.5; Pamunkey JAI, 112.7), and mean recruit- tributary would be expected to be at the most 1.2 times 
ment of striped bass was higher on the Pamunkey River as concentrated on the Mattaponi River. Because we ob­
(1997–99; Mattaponi JAI, 1.6; Pamunkey JAI, 4.9). The served differences in egg density that were much greater 
approximate volume of the Pamunkey River, from the fall than double (~17 times in the case of striped bass) and 
line to river mouth (1.9 × 108 m3) is 1.2 times that of the in the unexpected direction (Pamunkey River egg densi-
Mattaponi River (1.6 × 108 m3). Thus, equal populations of ties > Mattaponi River egg densities), it is unlikely that 
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Figure 4 
Total American shad and striped bass density (eggs and larvae) distinguished by river, species, and 
life stage for 1997–99 bongo and pushnet collections. Note differences in scaling on the y-axis. 
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Table 1 
Average density (total numbers/total volume filtered) of eggs and larvae of American shad (Alosa sapidissima) and striped bass 
(Morone saxatilis) collected in the Mattaponi and Pamunkey rivers, Virginia (1997–99). Values are reported as numbers per 100 m3. 
Larvae 
Species Eggs Yolksac Postyolksac Total larvae 
American shad Mattaponi 59.1 32.8 67.3 100.1 
Pamunkey 11.5 6.2 17.6 
Striped bass Mattaponi 205.3 392.1 792.4 1184.5 
Pamunkey 2625.9 909.8 3535.7 
River 
33.7 
4016.5 
tributary volume alone is responsible for the contrasting water temperature range of 13–19°C in both rivers. Trends 
patterns. Instead, differences in discharge, river sinuosity, of general abundance for both years and rivers indicated 
habitat, stock size, or combinations of these factors may that American shad spawn in regions upstream of striped 
be responsible. bass primary spawning grounds (Fig. 4). Trophic interac-
Temporal and spatial overlap in spawning distributions tions, especially predation and competition, may explain 
of American shad and striped bass occurs in the York the disjunct spawning habitats of these species in the York 
River system but the primary spawning grounds of these River. Striped bass may be important predators on Ameri­
species are disjunct. Evidence of spawning and peak egg can shad in freshwater (Mansueti and Kolb, 1953; Walburg 
abundance for both species was apparent throughout the and Nichols3). Although recent studies have failed to detect 
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Table 2 
Relative abundance (average density × river volume, numbers × 108) and ratios of eggs and larvae of American shad (Alosa sapidis­
sima) and striped bass (Morone saxatilis) collected in the Mattaponi and Pamunkey rivers, Virginia (1997–99). River volume (107 m3) 
consists of reaches where eggs (spawning reaches) or larvae (nursery reaches) were found. 
River volume Larvae 
Species Spawning reaches Nursery reaches Eggs Yolksac Postyolksac Total larvae 
American shad 
Mattaponi 9.4 0.36 0.27 0.63 0.94 
Pamunkey 12.0 0.07 0.13 0.07 0.21 
Mattaponi: Pamunkey 3.2 0.8 5.5 2.0 8.8 4.6 
Striped bass 
Mattaponi 3.3 1.6 1.3 2.6 4.0 
Pamunkey 11.0 47.0 29.0 10.0 39.0 
Pamunkey: Mattaponi 1.5 3.3 29.0 22.3 3.8 9.9 
6.1 
1.9 
7.9 
12.0 
American shad in the diets of striped bass (Manooch, 1973; 
Austin and Walter5), this absence may be due to current 
low numbers of American shad in relation to other clupe­
ids. Correspondingly, American shad juveniles have the 
potential to prey upon striped bass larvae (McGovern and 
Olney, 1988). Competition for food may occur between the 
early life stages of these two species as well. According to 
several studies, larval and juvenile stages of striped bass 
and American shad feed on similar prey items (Massmann, 
1963; Markle and Grant, 1970; Setzler-Hamilton et al., 
1981; Gardinier and Hoff, 1982; Crecco and Blake, 1983; 
Johnson and Dropkin, 1997; Ross et al., 1997). Distinct 
spawning locations of these species may act to minimize 
competition between larval- and early juvenile-stage fish, 
which use nursery locations downriver of spawning reaches. 
There is also potential overlap in habitat use between the 
juveniles of these species because both species occupy shal­
low nearshore waters. Some habitat overlap may be avoided 
by differing inshore-offshore diel migration patterns. Amer­
ican shad occupy nearshore areas during daylight and move 
offshore during night hours (Schmidt et al., 1988), whereas 
striped bass have been observed to predominately occupy 
nearshore habitats during both day and night hours (Boyn­
ton et al., 1981; Rudershausen and Loesch, 2000). 
Locations of striped bass spawning grounds on the 
Pamunkey River in this study corresponded to those of 
previous studies. Primary spawning reaches on the Pa­
munkey River were previously reported from 8–48 km 
above West Point (Rinaldo, 1971); at approximately 27 km 
(Pamunkey) and 14 km (Mattaponi) above the mouth of 
each river (Tresselt, 1952); and within the first 40 km of 
5 Austin, H. M., and J. F. Walter. 1998. Food habits of large 
striped bass in the lower Chesapeake Bay and its tributaries 
March 1997–May 1998. Final report to the Marine Recre­
ational Fisheries Advisory Board and Commercial Fisheries 
Advisory Board, VMRC, 56 p. Contract number RF-97-08 and 
CF09709-08. Virginia Institute of Marine Science, Gloucester 
Point, VA 23062. 
tidal freshwater of both rivers (Grant and Olney, 1991). 
In the our study, some striped bass eggs were collected on 
the Pamunkey River upstream of previously reported loca­
tions, but in lower abundance than occurred downstream. 
In the Mattaponi River, striped bass eggs were absent in 
upstream locations, an observation in agreement with pre­
vious surveys (Tresselt, 1952; Rinaldo, 1971; Grant and 
Olney, 1991; McGovern and Olney, 1996). 
On both rivers, American shad were collected in higher 
abundance upriver of previously reported primary ranges 
by Massmann (1952). He observed peak egg abundance 
from 96.2 to 111.0 rkm on the Pamunkey River and from 
81.4 to 94.4 rkm on the Mattaponi River. This is in part be­
cause we sampled farther upriver than Massmann. How­
ever, in those upriver reaches that both studies sampled, 
eggs were found in higher abundance in 1997–99. Shifting 
spawning habitats (possibly due to changes in population 
structure and size, climate, or river discharge), sampling 
deficiencies, unknown catchability differences between the 
studies, or some combination of these factors may explain 
these historical differences. As populations of American 
shad fluctuate, the spawning area used will likely expand 
or shrink. If restoration efforts are successful, the availabil­
ity of suitable spawning areas may become a limiting factor 
to population growth. Further studies of habitat suitability 
for spawning within this system are underway to elucidate 
potential spawning reaches and optimal areas. 
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